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5.7 SLAVR:

Tp=+25°C , R, = 2kQ #:H , REF, = REFg = GND H. Vg = £9V ( IS4 W )
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5.7 BLAVE (42)

Ta=+25°C, R =2kQ #Hh , REF, = REFg = GND H. Vg = 29V ( BRIER A UL )
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5.7 BLAVE (42)

Ta=+25°C, R =2k Q #Hh , REFA = REFg = GND H. Vg =19V ( BRIEFH A UL )
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5.7 BLAVE (42)

Ta=+25°C, R =2k Q #:#l , REF5 = REFg = GND H. Vg = +9V ( KRR A UL )
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5.7 BLAVE (42)

Ta=+25°C, R =2k Q #:#l , REF5 = REFg = GND H. Vg = +9V ( KRR A UL )
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Quiescent Current (mA)
B 5-27. 5 HIRE T E
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6 40 B
6.1 MR

INATHO4-SP & — 3K 4R 0T . m s K AL 35 20 MUK 3% . INATHO4-SP i — AN % ia SR 28 Al — AN 4E
RS R R B S TR A . 5 LA E D BOR RS B A EE | B R SRR HORE B S R A b P B R 2 AR 3

INATHO4-SP A] DLTE SRS 5 =18 £150V B FREFI & /N E 0 Ik |, RS2 m s Lb . s 20 A
IR,

INATHO94-SP [ DiRE T AEE I R — 5 R s o

6.2 ThEE T HER]
+IN [1] 8] -IN
% 380 kQ
380 kQ
VI 2 I ReR
19 kQ
REF, [3 W — 6] v+
v §380 kQ
Vour E 5| V+
6.3 RptE Ui B
6.3.1 ZEHEFH

6-1 IR 1 WAL IR T SR A TS o A M A e L PR 1) IS P T R 5 AR SR I AR 5L LA TR
RS, Ml i ESE TSI 1 A 8 2 A s . IO A f gl 18] 6-2 BoR 1 EERIE R R N
FEAERE

9V 9V
100 nF —— 1 1pF 5 s 1uF 7~ —1 100 nF
,| 20ka  380KQ
e VVV—® V'V 'V e
Lﬁ GND
= 380 kQ
-INO—8FANN e
b
380 kQ
+IN O—1] 40 Vo= (+IN) - (-IN)
19 kQ 5
O

P 6-1. U HR R 6 ol Y FELUROI 5 5
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18V
— 2 5 1 P-F ST~ T T 100 nF
; 20 kQ 380 kQ
GND
380 kQ
-INO—&

40 Vo= (+IN) = (-IN) + Vrer

O Veias

&l 6-2. R JRBRAE I BLIRAIE S
RZBOS K INATHOA-SP FIVE ) 1y B 26 25 /0 IOK 3 o 72l 1 /R TR R 4
Vour = (+IN) - (-IN) (1)
RN , ol B FH 2of o Wt 0 1 5 4k 3 1 ( REFA A REFg ) o 7230 2 SR 1 52 B 4538 bR 5
Vour = (+IN) - (- IN) +20 x REF, - 19 x REFg )
INATHO4-SP ) i FLASEE ] i 38 1o A5 P v A 2 P BEL 20 28 X A NAS 5 EAT 0 AR S o 1% P BEL 23 FS 33456 IE SN
AN N HILE Y 08 SFURCR 38 (KA AR Y o M N TE BT T INATHO4-SP 11 HL i i

B 5-1 0 FH T o LR R ) B R AR T ot R R P ORI N R g N FSAE EL YR HRL R 1
1.5V i Bl A SR T S R SRR

TSR P SO Bt N 3 () R B L, N ESD S FFIG L SRR . UK L R FRAIZE 10mA DL
DU (R AN o 28 4 1) e 36t e KA {1

6.4 S3FThEEAER

INATHO4-SP i KHJRSEMH N Vg = 18V, X it 18V i L 9V XU YRS » /NS Vs
=4V. iEZ0 K 5-1 1 K 5-2 S INATHO4-SP & 1 R /E A & 28 A0 B 2R ME R 1E |, DAIRAE W2 17 & #4410
i NFEABEFR )

INATHO4-SP [ 3L EH|(CMR) BUHe T4 N HLFH 2SI 2% | %0 28 200 o6 8 2 DL S BURS Bl 1 EL R IR . O T 14
5 CMR , 22 A KB A N R IR BE ST . SHNGIE +IN AT - IN 8RB 75Q  ff BH 20K JL A Hf1 b
(CMRR) M 100dB ( $7{E ) PFEAICE 74dB. 5 3EE S R I L BE B 2 R 4IK CMR.
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7 ML FSEHE

#HiE
PAN B2 FHER 20 B AR T T ofies |, TI AR AR A e Rtk . TI B2 P 5 S o2 1
EEIHNE , PLURIRAEAMINR BT SeBL AR A R DI RE

71 MNAER

7-1 BoR T INATHOA-SP 7E S U N ] 1 A JEACEHE . o R IR 55 B P A S B PR BB 281 5 BV (O L o Dl Seoe
SRS SHHONEMES |, TR BRARIERN AR, HIRHHUA A A VLS R4

R AN G AN BIPR BT 0P ARSE |, PAAERF A7 B . DT 0 75 Q SRMEC 25 7R 35 1R A LA A ]
FEAREIZ) 74dB. S A\ PHHTA LS IS oz mi b 2 A P o a0 R B R BRPTREC , A8 A — AN EAH 1 B B 2%
SRS, DLRER R .

7.2 RN

7.2.1 SAR ADC 12-B , 8 1F18 M L [E IS #5548

7-1 BT B RS T R RS R TR M AR G SR B o R ORI B AR SRR AR HEREL T 4.2V Ht. 22
3 TBOR A5 T e 00 e b 2L PAY 1 i e PRSP R T FELT- DT M0 P s 4 RREAR S

PRt AV 2 % 30 o8 P B 7 89 25 25 0 TBOK % INATHO4-SP SRS Al A LI B T I R, K LB F S i P 3%
#:3] ADC iy \NTE RSB DIRE . INATHO4-SP KAl +12V (Vs+)M - 5V (VS - ) XU HIE Bt R . 2270 UK 4% g
IS 33.6V 8 1 HL it ZH A L b PR N RS L

ADC128S12QML-SP & —#CKH 5V Stk s (L 485y 12 7. 8 iliE . 50kSPS % 1MSPS iZ i it & /7 4%
(SAR) ADC. INATH94-SP iz H SR8 vl 2 2 B OR St IF SO IR B i KR FE #7578 500kSPS 1) SAR
ADC.

33.6V
+5V

+12V

100nF i
| 100nF  +5V
T Voo ?"—‘GND}—‘ J 100nF
= GND ) }—‘
! INA1H94 Ve o =
| cer. Vor = GND
} " 380kQ LMP7704-SP V,
A
. jzm SN 95.20
4.2v Vear_cx "
*L — —AVW * outs
_ T N m " s e ADC1285102-SP
; VS— 620pF |
| 20kQ L ‘
B . = e |
— GND !
L Ve IN7
«L 100nF
l VBar_c2 GND n 2o
r‘ }—4!
Vear_ct = GND =
-5V
— GND

Repeat Circuit for Each Cell

B 7-1. INATH94-SP Fi i 15 325 B, 1% - U A% FEL VB
i, K 7-2 Bon T A 12V (VS+) BRI H A I S S . INATHO4-SP AN 2 Fr L 2 L H 20

8-Channel, Multiplexed, Single-Ended, 12-Bit ADC

I +2.5V FEAHER R . 2 OK AR AR IR R A AR (VS - ) W 1.5V R, XK REFA A
REFg ZEAERIA G Bw B 2] 1.5V LA IS, DU A5 5 BEAT AP et | AT A2 22 70 TROK 4 PO B ) 2 P
il INA ff A 7208 0.05% R FEBHA R dsh , DUEME 54T ADC 1 5V i E 2T K .

£
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13 TEXAS
INSTRUMENTS
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Use precision, low

output

33.6V Repeat Circuit for Each Cell ) oy
impedance reference circuit
100nF  *12V
| +2.5V 100nF  +5V
vV Reference —,__| I_
BAT_C8 pr—

'|' = GND 1

! INATH94 VS+ — o

I 19kQ VS+

| REF

! oy 8ok Wy LMP7704-SP

+ ANN—— 2.29kQ
0.05% N = 95.20 o ADC
B » [o]
4.2V VBat_cx + ouTt A N OUTB NN > input
T 380kQ _ N Rew
- -IN ANAA ) Row+ CriL

' VS—

| 6.49kQ 620pF

I 20kQ 380kQ Rowz

I REF 0.05% —

| 2.5V AWV AW ’ — CGND

Reference — GND
VS— = Voltage divider output:
GND 4.95V to 1.85V
Vear_ct J_—
- INA1H94 output:

—  GND 6.7Vto 2.5V

7.24.1 WIFER

B 7-2. INATHO94-SP Ha jih Bt 10 42 o B - B AR rEL VB

R T-1 50T P i A BETE 2K,

R T EIHER

2H i1

FLR LU ( RUR L LS ) VS+=+12V , VS - = -5V

HUBEL (S HL LR ) YTV Sy AT REre

FL 8

Rt FELES LR 3V £ 4.2V

ADC i AR FSR = +5V

SRR ROCRFE 2R 500kSPS ( ADC #: K RFEZR y 1IMSPS )
7.2.1.2 TR
1. N CgrL iFEEZ COG (NPO) A% , IR E LM I/ b TR %
2. TEAF OO R e e I s e i b (S A AR BEPUE K REF A il REFg ft N JEHE 5| BHIEFEE] GND.
3. FEAT AR F R F T A A S b, SRRE RS L IR L IR H PR v R R DK B REF A 1T REFg fiIA .
4. X Rp A1 Rppo RGN 0.05% MRS LA , DL KFERE /N7y 8y B R 2 AR . sEBHAE £

Xf 4.2V HLb ELG AT BV i EFE ADC 3T 46 A

i E 7E ADC128S102-SP fiy Nufii[f] R-C JE3 % v/ N Fafaf S i€ v 28 DK 5 SAR . JIEJH #8 To 1 I BB B kT4
AR R R . ADC HIRFEARFRSE M DL S IR e e ds M ER . SV AR E ( Rpy AT CryL ) %1% ADC R
FEAR R e MEREREAT 7R % | FIRHERRBOR S A e e . AR R BRE P T H0dm 5 4 28 11 SRR3R DL S ADC
PR AFEAR S o

MR H BRI R-C JEU #3E 7] N7E 500kSPS KA NIz ADC128S5102-SP 12 £ SAR ADC [
LMP7704-SP #24t B i i ke s M e Ph R . SR e B OB 0, B B m A0 SRRE R | BBk A A A AR
ADC HREMEATN 75 SRIEBEA R 2B 23 R-C JEDL #4341

16
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7.2.1.3 M LR

VS+=12V,VS- = -5V, REF, = REFg = GND VS+=12V, VS - =GND , REF, = REFg = +2.5V
B 7-3. Bt iEag |, XURHBIE-AA St e R EE | B 7-4. B isEs | SR VRN S i i R R
P ES

7.3 BRI AN

INATHO4-SP IARFRIE AEZE B H I 4V & 18V H il B R AT FR Y +2V & 49V H R H R Ja [ s . o ps A dt
AL T Y I B YR R T ARk o 6T OCEEYR £9V , AN JEREVE R £150V ; R 12V $p B ER | JERTE R EA
+95V., A REAILEVIE S HIEEERNEZELE , 53R K 5-1 il & 5-2,
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7445

7.4.1 #3755

K R 45 () PCB A J5 MUV AT 2508 SR Rs AT PR RE , R4 -

K5 AL e, DURS ARG & AL FHPTREC . il S 3RS SN E MBS, I IRX A
BRAEXIAR , HIRFHGTAT AL R4 .

i BB R DR A . B0, R RO T OB Z . 9 DI A B S,  LEBURs AAT
2 RUAT RE B MR A RN PSR . IR EIRAT AR TCIR T B, UL AR A 2 5 A R P A e T A B T i

FPAT AT 2T 3
M 5 T 30 T P ) PR NSO R o 55 P A S o D 22 0 TR A FEL B 12 (A ML L 470 PR R ik /o i 15 T
]

- AZSF R IR TR R S E 1S5 L B . FEFEL V+ ATV - IS B B A ESR g %55 %
MR 2% o kG H YR S| R 55 08 Pl S 28 2 () SO I FL o A PR LA R AR P A e 5 | A 38 e~ T

- BRI, V4 S 18R] DA S SR A RS

ST RE D I RO . IR ATRE |, VAR AN B ALY R HEAT S 5 B AR AT B

5 EZHE (R ) REFFESHIE . MRATRE , WIEBSIE |, RN ZE 0 E S AR S I AE

0 EY 52D E 8 45 ST UL IE -

A A £ /AT REAE -

7.4.2 /gl
Use ground pours to Use symmetrical Use ground pours to
shield the input signal layout to match input pair shield the input signal
pairs impedances pairs
¢ GND ¢
Place bypass capacitors as / EID
close to IC as possible [> \
V= g —] *IN -IN L y Low-impedance connection
for reference terminal
T c, 2 | v REFs [ | _7 —
3| ] REFa ve o[ 6 ] v+
¢ J_ Place bypass capacitors as
GND / z j Vour V+ E E C, —|— close to IC as possible
GND

Low-impedance connection

for reference terminal
@ Vour GND

& 7-5. INATH94-SP ;=445 &

18

FER VR 1% Copyright © 2025 Texas Instruments Incorporated

1
Product Folder Links: INA1H94-SP
English Data Sheet: SBOSAA4


https://www.ti.com.cn/product/cn/ina1h94-sp?qgpn=ina1h94-sp
https://www.ti.com.cn/cn/lit/pdf/ZHCSP71
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSP71A&partnum=INA1H94-SP
https://www.ti.com.cn/product/cn/ina1h94-sp?qgpn=ina1h94-sp
https://www.ti.com/lit/pdf/SBOSAA4

13 TEXAS

INSTRUMENTS INA1H94-SP
www.ti.com.cn ZHCSP71A - APRIL 2025 - REVISED JUNE 2025
8 BRAFF SRS

TUREET 2R TH . FHEAIH T TIPSR RE . A2 RS R 5 i v 7 22 1 T B A1
8.1 B

8.1.1 FFXZLHF

8.1.1.1 PSpice® for Tl

PSpice® for T1 & ] #5 B At AL i B P RE (B0 TH AN 0 LR o FE AT AT J) A1) 3 2 1 B 1 AR G B v A0 R 2 f ok
Tige , TREARTT A AR I A e L T I 8]

8.1.1.2 TINA-TI™ fFEHM: (B TFH)

TINA-TI™ 15 B Ak 2 — R WA 5 . ThREsE Kk HILT SPICE 53 M Bt 05 EAZF » TINA-TI 45 Bk AE 2 TINA™
BRI — B B R ThEE A | 5T — RV A JERERL AL | R IE TGN T — BRI E . TINA-TI 4
BRI AL 451 SPICE Bt BRSAR AT | DA HAh i3 T RE .

TINA-TI U5 BRI 5 AL EERE S, (ETH P L2 Moy U S5 58, P Al TR B D B 0T 2% R
o HERMNC RO B N DR TR BRI B B 05 . R AN TR RE f1 , A —ANsh &S P e 30 T A .

i

DA HE TINA BAFEE TINA-TI B4 )5 A fefd X 204 15 A TINA-TI™ B4 SoF 32 of R 38 4 27 1)
TINA-TI 15 B3 A .

8.2 XY FF

8.2.1 1HFHX S

TS LR AH ISR -

o [EINAER (TN, (155D BHTF . HHREFIXA B GNIEE 55 S

o TEMACES (T, 7/ (K# (TI) LFEH#F 5 MIL-PRF-38535 QML V 25711 T H
8.3 B TS FEFTE AN

TR S TEA , TESHIE ti.com BRI RSO e, s A AT, B AT A RO R R S
o AREUWEAE L R O SO RS BB I ik

8.4 TH WK

TIE2E™ thCscfFigiz et TR EESE TR, T EHENE KA RE . S BIER@E M- H. #%R
BUA g el th H QU e, SRS P s (M PR e vk 5 B

BERM AR A DTS IR SRt KSR AR TI EARRE |, IF BAS—E B TI (A i§ S
T IAE I 2K

8.5 Fitn

TINA-TI™ and Tl E2E™ are trademarks of Texas Instruments.
TINA™ is a trademark of DesignSoft, Inc.

PSpice® is a registered trademark of Cadence Design Systems, Inc.

BT A B bR 8 9 5% B AT & B 7
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8.6 FrH M HEL

FH LA (ESD) SR IX AR L . B (0SS (T1) B SGIIIE 24 1 TS0 H M AL FE T A S BB o SRSy T ) A 3
A RIZAALT | ] B SRS AR BB
Aral\ ESD (BRI G SEMUNO MRS | K E R B PR . A% 2 TSR AR LB TT B T2 5 2 B0 | R Bl AN i 5
HOE T A 2 B FCR 5 R A HO R A

8.7 RiER

TI RiEFR RARERF IR T ARE. B BYEE A .

9 2T i e

VE  PAETRRA I TS AT 685 24 TR 1 TS AN ]

Changes from Revision * (April 2025) to Revision A (June 2025) Page

o B T T I R T R A e e 1

o CNIEMGEN , £ CHRASHE” PIRERIREMERNNT “TA= -55°C & +125°C” B EE oee. 6

o IR T E AR T BT EZRME B RAE 1 VS = OV oottt 6

o NIEMIEN, , fE A NIRRT “TA= -55°C & +125°C” IR EE e 6

o ONIEMIE I, TEHASERHE VS =9V i EEHN S| LS N T “TA = - 55°C & +125°C” [l 2% 1F......6

o R T HAEAFEF A RS TE TR IME 1 VS = 20V e e 6

o HBR T HAAFEFRIIEER MR KAE 1 VF =BV IV = 2 0V e 7

o R EAEEME R RSN ZE S HEUE VO RS A 1.5V B/ MEAT 3.5V I RE T NCN - 1V BMEAT AV BKME  V+ =
BV Tl N = 2 0V et e e e e e ———— 7

oW RACRRME P B N AR R I A A =20V SR/ MELAT 25V B KIE SO - 18V e/ ME AT 23V i KV
S BV T N = 2 0V ittt e e e e e  —————teteeeeeeteeeeeer——————teteeaeeeteeaaear—————teteeaeaeraaaaaai—— 7

o TR T HAAFTEFR A EEVE TR AME © VA S8V TV = S 0V 7

10 AL, BERAFTEE R

PUR U A S AU B AR AT M 2. XS5 B d E aAF T ol B . Bl 225, A S ATE R,
HAE BSOS HEAT BT ﬁ?%ﬁkiﬂt%)ﬁ%ﬁﬁm”*%ﬁﬁ)ﬁi , VEE A O AR
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www.ti.com 2-Aug-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
5962R2121201VXC Active Production CFP (HKX) | 8 25| TUBE Yes NIAU N/A for Pkg Type -55to 125 5962
R2121201VXC
INA1H94-SP
THA
INALIH94HKX/EM Active Production CFP (HKX) | 8 1| TUBE Yes NIAU N/A for Pkg Type -55t0 125 INALIH94HKXEM

@ status: For more details on status, see our product life cycle.

@ Mmaterial type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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https://www.ti.com/product/INA1H94-SP/part-details/5962R2121201VXC
https://www.ti.com/product/INA1H94-SP/part-details/INA1H94HKX/EM
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

/2 TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 3-Aug-2025
TUBE
T - Tube
height L - Tubelength
*
> w-tTupe| A\ L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962R2121201VXC HKX CFP (HSL) 8 25 506.98 26.16 6220 NA
INALIHI4HKX/EM HKX CFP (HSL) 8 1 506.98 26.16 6220 NA
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HKXO0008A

PACKAGE OUTLINE
CFP - 2.785 mm max height

CERAMIC FLATPACK

}
2785 MAX |

!
L 0.95 MAX

Y)Y Y

aINalIniallla

PIN 11D

24 MAX

4223439/C 08/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermetically sealed with a metal lid.

4. The leads are gold plated.

INSTRUMENTS
www.ti.com
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